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Abstract 
 
In this paper results of the crystallization, microstructure and mechanical properties studies of hypo-, hyper- and eutectic silumins with 
addition of: Cr, Mo, W and V in amount of about 0,05% are presented. The influence of Sb, Sr and P together with Ti + B on the silumins 
crystallization process has been given. Results of: the microstructure, Rm, Rp0,2, A5 and HB testing of silumins after precipitation hardening 
and heat treatment in temperature of 560°C/3min and water chilling are presented. 
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1. Introduction 
 
Silumins with Cr, Mo, W and V are characterized by high 
mechanical properties due to complex phases precipitation, where 
a.m. elements are the main component. The type of crystallize 
phases containing: Cr, Mo, W and V are presented in work [1￷7]. 
Up to now the influence of above mentioned elements in amount 
of up to 0,1% in silumins was studied. The aim of this work was 
to test the Cr, Mo, W and V influence in amount of about 0,05% 
to  the  crystallization,  the  microstructure  and  mechanical 
properties of hypo-, hyper- and eutectic silumins modified by Sb, 
Sr and P together with Ti + B as-cast and after heat treatment. 
 
 
 
 
 
2. Work methodology 
 
Investigations were conducted on hypo-, hyper- and eutectic 
alloy silumins. Their chemical composition is presented in Table 
1. 
To melt multicomponent silumins basic alloys AlSi7, AlSi11 
and  AlSi17  were  used.  The  chemical  composition  of  tested 
silumin was supplemented by technically pure metals: Cu, Ni, Si, 
Mg, Mo, W and alloys: AlCr15 and AlV10. Silumins were melted 
in  the  laboratory  induction  furnace  with  the  graphite  crucible. 
After  melting  and  overheating  multicomponent  silumins  were 
modified.  Two  versions  of  hypo-  and  eutectic  silumins 
modification  were  used  by  addition  to  liquid  metal  properly: 
0,30%Sb  +  0,10%Ti  +  0,02%B  and  0,30%Sr  +  0,10%Ti  + 
0,02%B.  To  hypereutectic  silumins  modification  0,45%P  + 
0,20%Sb + 0,12%TiB and 0,45%P + 0,30%Sb + 0,12%TiB were 
used. Modifiers were added as AlSr10, AlTi5B and CuP8 alloys 
and  technically  pure  antimony.  Mass  fraction  was  selected  to A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 36  124 
obtain the chemical composition of tested silumins presented in 
Tab.  1.  After  modification  the  liquid  metal  was  refined  by 
nitrogen  during  15min.  The  control  of  tested  silumins 
crystallization with use of TDA method was made too. Moreover 
chill  castings  of  bars  15mm.  were  made.  Specimens  to 
metallographic, strength and hardness tests were made from them. 
Research  were  conducted  both  as-cast  and  after  different  heat 
treatment. 
On tested silumins precipitation hardening were carried out. 
Solution heat treatment was realized in condition as following: 
520°C,  8h,  water  cooling  whereas  ageing:  160°C,  8h,  free  air 
cooling.  Additionally  on  tested  silumins  high-temperature  and 
brief  heat  treatment  was  carried  out.  It  consist  in  putting 
specimens into furnace to 560°C for 3min. and water chilling. 
Hardness  of  tested  silumins  was  examined  with  use  of 
Briviskop  hardness  testing  machine  on  Brinell  scale  for 
62,5/2,5/30 conditions. Load factor K = 10. 
Rm,  Rp0,2  and  A5  were  examined  with  use  of  “Instron” 
universal testing machine in the ambient temperature. 
Metallographic testing were made with using „Eduko” optical 
microscope, magn. ×100 and ×400. Specimens were etched using 
2% HF. 
 
Table 1.  
The chemical composition of tested silumins 
Melt number 
Chemical composition, % 
Si  Mg  Cu  Ni  Cr  Mo  W  V  Fe  Sb  Sr  Ti  B  P 
No. 1  7,00  0,49  4,02  3,95  0,05  0,06  0,05  0,06  0,37  0,30  -  0,11  0,02  - 
No. 2  6,97  0,49  3,99  4,01  0,05  0,05  0,05  0,04  0,38  -  0,30  0,09  0,02  - 
No. 3  12,00  0,51  4,04  4,01  0,06  0,05  0,05  0,05  0,42  0,30  -  0,10  0,02  - 
No. 4  11,96  0,33  4,04  4,04  0,05  0,06  0,06  0,05  0,36  -  0,30  0,10  0,02  - 
No. 5  17,31  0,52  5,13  4,03  0,06  0,06  0,05  0,06  0,49  0,22  -  0,11  0,02  0,45 
No. 6  17,47  0,50  5,19  3,97  0,06  0,05  0,05  0,06  0,51  -  0,30  0,10  0,02  0,45 
 
 
3. Results 
 
TDA curves and silumin microstructure from melt No. 1 are 
presented  in  Figure  1  (a,  b).  Silumin  crystallization  starts  in 
temperature of tPK = 594°C from α(Al) phase precipitations. In tB 
=  569°C α  +  β  +  AlSiCrMoWVTiCuFe  eutectic crystallization 
starts.  FGH  thermal  effect  is  caused  by  Mg2Si  phase 
crystallization  and  HJK  –  Al2Cu  phase.  Silumin  crystallization 
finishes in tK = 485°C. 
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Fig. 1 (a, b). TDA curves (a) and the microstructure (b) of silumin 
from melt No. 1 modified by Sb + Ti + B 
 
In Figure 2 (a, b) TDA curves (a) and the microstructure (b) 
of silumin from melt No. 2 are presented. Silumin crystallization A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 3 6   125 
starts  in  temperature  of  tPK  =  606°C  from  α(Al)  phase 
precipitations.  In  temperature  of  tB￷tC`  (580￷550°C)  α  + 
AlSiCrMoWVTiCuFe binary eutectic crystallizes and afterwards 
phases like previous. Comparison of melts No. 1 and 2 shows, 
that silumin modification by Sr + Ti + B causes the increase of α 
+ β + AlSiCrMoWVTiCuFe eutectic, Mg2Si and Al2Cu phases 
crystallization temperature. Finish of crystallization process take 
place at the same temperature. 
Antimony is not the classic silumins modifier, because do not 
change  the  lamellar  Si  structure  to  fibrous.  It  only  decreases  
a distance among Si plates in the eutectic, whereas Sr causes the 
fibrous Si structure, what is shown in Fig. 1 (b) and 2 (b). Silumin 
modification  by  Sr  caused  α  +  AlSiCrMoWVTiCuFe  binary 
eutectic  crystallization,  that  there  is  not  in  silumin  with  Sb. 
Probably the previous crystallization of this eutectic, compared 
with  silumin  with  Sb,  caused  decrease  of  α  +  β  + 
AlSiCrMoWVTiCuFe ternary eutectic crystallization temperature.  
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Fig. 2 (a, b). TDA curves (a) and the microstructure (b) of silumin 
from melt No. 2 modified by Sr + Ti + B 
 
The microstructure of as-cast silumins from melt No. 1 and 2 
is presented properly in Figure 3 and 4 (a, b). 
 
a) 
 
b) 
 
Fig. 3 (a, b). Silumin microstructure from melt No. 1. Phases: α, 
Mg2Si, Al2Cu, α + β + AlSiCrMoWVTiCuFe eutectic A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 36  126 
a) 
 
b) 
 
Fig. 4 (a, b). Silumin microstructure from melt No. 2. Phases: α, 
Mg2Si, Al2Cu, α + AlSiCrMoWVTiCuFe and α + β + 
AlSiCrMoWVTiCuFe eutectic 
 
From presented data results, that modification by Sr + Ti + B 
ensures a greater size reduction of α phase and α + β eutectic cells 
than  Sb  +  Ti  +  B  addition.  It  causes  a  size  reduction  of 
AlSiCrMoWVTiCuFe phase. 
There is the same effect after solutioning and ageing as it is 
shown in Figure 5 and 6 (a, b). 
Comparison of microstructures after solutioning and ageing 
from melt No. 1 and 2 shows, that a greater Si size reduction and 
its coagulation is obtained in silumin modified by Sr + Ti + B. 
In Figure 7 and 8 (a, b) the silumins microstructure after high-
temperature and brief heat treatment are properly presented. It did 
not cause essential microstructure changes. 
a) 
 
b) 
 
Fig. 5 (a, b). Silumin microstructure from melt No. 1 after 
precipitation hardening 
 
a) 
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b) 
 
Fig. 6 (a, b). Silumin microstructure from melt No. 2 after 
precipitation hardening 
 
a) 
 
b) 
 
Fig. 7 (a, b). Silumin microstructure from melt No. 1 after 
precipitation hardening and high-temperature and brief heat 
treatment 
a) 
 
b) 
 
Fig. 8 (a, b). Silumin microstructure from melt No. 2 after 
precipitation hardening and high-temperature and brief heat 
treatment 
 
TDA curves and the microstructure of silumins from melt No. 
3 and 4 are properly presented in Figure 9 and 10 (a, b). 
Silumin  had  got  about  12,00%  Si.  There  is  12,60%  Si  in 
eutectic point. From Fig. 9a results, that Sb addition displaced the 
eutectic point left to lesser Si concentration. Thereupon, on the 
derivative  curve  there  is  PKP’KT  thermal  effect  from  primary 
silicon crystallization, that is visible in the silumin microstructure 
(Fig.  9b).  TDEMF  thermal  effect  is  caused  by  α  +  β  + 
AlSiCrMoWVTiCuFe eutectic crystallization and FGH and HJK 
effects properly come from crystallization of Mg2Si and Al2Cu 
phases. 
Silumin modification by Sr + Ti + B causes crystallization of 
silumin from melt No. 4 as eutectic (Fig. 10a). PKDEMH thermal 
effect comes from α + β + AlSiCrMoWVTiCuFe ternary eutectic 
crystallization  and  HJK  –  from  Al2Cu  phase.  There  was  not  a 
thermal effect from Mg2Si phase, despite the fact, that there are its 
sparse, single precipitations in the microstructure (Fig. 10b). A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 36  128 
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Fig. 9 (a, b). TDA curves (a) and the microstructure (b) of silumin 
from melt No. 3 modified by Sb + Ti + B 
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Fig. 10 (a, b). TDA curves (a) and the microstructure (b) of 
silumin from melt No. 4 modified by Sr + Ti + B 
 
Comparison  of  eutectic  crystallization  temperature  both 
silumins shows, that in silumin modified by Sr + Ti + B eutectic 
crystallize  lower  by  8°C  temperature.  There  was  the  same  the 
recalescence  of  eutectic  crystallization  temperature  in  both 
silumins and amount to 4°C. 
In Figure 11 and 12 (a, b) as-cast silumin microstructure from 
melt 3 and 4 are properly presented. A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 3 6   129 
Comparison of microstructures shows a greater size reduction 
of eutectic cells by Sr than by Sb. 
 
a) 
 
b) 
 
Fig. 11 (a, b). Silumin microstructure from melt No. 3 modified 
by Sb + Ti + B. Phases: α, β, Mg2Si, Al2Cu, α + β + 
AlSiCrMoWVTiCuFe eutectic 
 
a) 
 
b) 
 
Fig. 12 (a, b). Silumin microstructure from melt No. 4 modified 
by Sr + Ti + B. Phases: Al2Cu, α + β + AlSiCrMoWVTiCuFe 
eutectic 
 
a) 
 
b) 
 
Fig. 13 (a, b). Silumin microstructure modified by Sb + Ti + B 
after precipitation hardening. Phases: α, β, Mg2Si, Al2Cu, α + β + 
AlSiCrMoWVTiCuFe eutectic A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 36  130 
After  solutioning  and  ageing  there  is  a  greater  silicon 
coagulation in silumin modified by Sr than by Sb, as it is shown 
in Figure 13 and 14 (a, b). 
 
a) 
 
b) 
 
Fig. 14 (a, b). Silumin microstructure modified by Sr + Ti + B 
after precipitation hardening. Phases: α, Al2Cu, α + β + 
AlSiCrMoWVTiCuFe eutectic 
 
After high-temperature and brief heat treatment there is the 
most intensive silicon coalescence and its coagulation in silumins 
modified by Sr as it is shown in Figure 15 and 16 (a, b). 
a) 
 
b) 
 
Fig. 15 (a, b). Silumin microstructure modified by Sb + Ti + B 
after precipitation hardening and high-temperature and brief heat 
treatment 
 
a) 
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b) 
 
Fig. 16 (a, b). Silumin microstructure modified by Sr + Ti + B 
after precipitation hardening and high-temperature and brief heat 
treatment 
 
TDA curves and the microstructure of hypereutectic silumin 
from melt No. 5 and 6 are properly presented in Figure 17 and 18 
(a, b). 
TDA  curves  of  both  silumins  are  very  similar.  In  both 
silumins PKP’KT effect is caused by AlSiCrMoWVTiCuFe phase 
crystallization.  NOU  effect  comes  from  pre-eutectic  silicon 
crystallization.  Crystallization  heat  of  α  +  β  + 
AlSiCrMoWVTiCuFe  causes  UDEMF  effect.  FGH  and  HJK 
effects  are  properly  caused  by  Mg2Si  and  Al2Cu  phases 
crystallization. It is characteristic, that for both silumins eutectic 
crystallization  temperature  is  the  same.  Antimony  decreases  a 
distance among Si plates in eutectic. Strontium did not cause Si 
modification in eutectic. Its structure is still lamellar (Fig. 18b). 
Comparison  with  silumin  modified  by  Sr  shows,  that  in  chill 
castings Sb causes a size reduction of primary and eutectic Si, as 
it is shown in Figure 19 and 20 (a, b). 
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Fig. 17 (a, b). TDA curves (a) and the microstructure (b) of 
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Fig. 18 (a, b). TDA curves (a) and the microstructure (b) of 
silumin from melt No. 6 modified by P + Sr + Ti + B 
 
a) 
 
b) 
 
Fig. 19 (a, b). Hypereutectic silumin microstructure modified by P 
+ Sb + Ti + B. Phases: α, β, Mg2Si, Al2Cu, α + β + 
AlSiCrMoWVTiCuFe eutectic 
 
a) 
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b) 
 
Fig. 20 (a, b). Hypereutectic silumin microstructure modified by P 
+ Sr + Ti + B. Phases: α, β, Mg2Si, Al2Cu, α + β + 
AlSiCrMoWVTiCuFe eutectic 
 
a) 
 
b) 
 
Fig. 21 (a, b). Hypereutectic silumin microstructure modified by P 
+ Sb + Ti + B after precipitation hardening 
 
a) 
 
b) 
 
Fig. 22 (a, b). Hypereutectic silumin microstructure modified by P 
+ Sr + Ti + B after precipitation hardening 
 
After solutioning and ageing there is a partial coagulation of 
primary and eutectic silicon edges, stronger in silumins with Sb. It 
is exemplary shown in Figure 21 and 22 (a, b). 
High-temperature  and  brief  heat  treatment  caused  a  size 
reduction of primary silicon and a coagulation of eutectic silicon 
in silumin modified by P + Sb + Ti + B, as it is shown in Figure 
23 (a, b). 
In silumin from melt No. 6 modified by P + Sr + Ti + B the 
high-temperature  and  brief  heat  treatment  did  not  change  of 
primary silicon size. It caused partial coagulation and coalescence 
of eutectic silicon, as it is shown in Figure 24 (a, b). A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   1 2 3 - 1 36  134 
a) 
 
b) 
 
Fig. 23 (a, b). Silumin microstructure from melt No. 5 after high-
temperature and brief heat treatment 
 
a) 
 
b) 
 
Fig. 24 (a, b). Silumin microstructure from melt No. 6 after high-
temperature and brief heat treatment 
 
Mechanical  properties  of  tested  silumins  are  presented  in 
Table 2. Results from it, that the hardness of as-cast silumins is 
always  greater  than  after  next  heat  treatments.  The  highest 
hardness  as-cast  (197HB)  had  hypereutectic  silumin  with 
antimony  (melt  No.  5)  and  the  lowest  (115HB)  hypoeutectic 
silumin (melt No. 1). The hardness after particular heat treatments 
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Table 2.  
Mechanical properties of tested silumins 
No.  Melt number  Heat treatment 
Mechanical properties 
Rm, 
MPa 
Rp0,2, 
MPa 
A5, 
%  HB 
1 
1 
as-cast 
solutioning 
ageing 
high-temp. 
430 
440 
460 
490 
360 
370 
390 
420 
2,5 
3,0 
4,0 
5,5 
115 
107 
111 
86 
2 
2 
as-cast 
solutioning 
ageing 
high-temp. 
450 
465 
480 
510 
370 
380 
410 
440 
3,0 
4,0 
5,0 
6,5 
122 
108 
111 
96 
3 
3 
as-cast 
solutioning 
ageing 
high-temp. 
470 
500 
515 
530 
390 
410 
430 
460 
3,5 
4,0 
5,0 
5,5 
140 
115 
121 
100 
4 
4 
as-cast 
solutioning 
ageing 
high-temp. 
480 
510 
520 
540 
400 
410 
440 
470 
4,0 
5,0 
6,0 
6,5 
134 
107 
109 
106 
5 
5 
as-cast 
solutioning 
ageing 
high-temp. 
460 
470 
480 
500 
370 
370 
400 
420 
2,5 
3,5 
4,0 
5,0 
197 
150 
152 
141 
6 
6 
as-cast 
solutioning 
ageing 
high-temp. 
430 
450 
460 
470 
340 
340 
370 
390 
2,0 
2,5 
3,0 
4,0 
171 
145 
147 
126 
 
Rm tensile strength of tested silumins is the lowest for as-cast 
silumins  and  the  highest  after  the  high-temperature,  brief  heat 
treatment;  similarly  Rp0,2  and  A5.  The  highest  mechanical 
properties Rm = 540MPa, Rp0,2 = 470MPa and A5 = 6,5% were 
obtained in eutectic silumin modified by Sr + Ti + B. 
To recapitulate presented results it is necessary to state, that 
the  chemical  composition  and  the  modifiers  type  have  the 
significant influence on the crystallization process, microstructure 
after heat treatment and mechanical properties. 
Cr,  Mo,  W  and  V  micro-additions  cause  silumins 
strengthening both as-cast and after heat treatment. 
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4. Conclusions 
 
The results have indicated the following: 
  Cr,  Mo,  W  and  V  presence  in  hypo-,  hyper-  and  eutectic 
silumins depending on the modifier type and its grade causes 
pre-eutectic  or  eutectic  crystallization  of 
AlSiCrMoWVTiCuFe phase, 
  AlSiCrMoWVTiCuFe  phase  causes  substantial  increase  of 
silumins mechanical properties, 
  antimony addition to silumin displaces the eutectic point to 
the lower silicon concentration, 
  P  +  Sb  +  Ti  +  B  simultaneous  addition  to  hypereutectic 
silumins  causes  primary  silicon  crystals  size  reduction 
stronger than modification by phosphorus, 
  comparison  with  as-cast  silumins  shows,  that  the 
precipitation hardening of silumins causes a coagulation of 
eutectic  silicon  as  well  as  hardness  and  tensile  strength 
decrease, 
  the  high-temperature,  brief  heat  treatment  of  silumins 
decrease their HB hardness, but increase Rm, Rp0,2 and A5. 
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